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Tho  udo  of  purified  onlibodioa  with  prociooly  established  proportion 
is  o  nccoooory  methodological  condition  for  oolving  s  number  of  problems 
in  modom  immunology  ond  immuno-chemiotry  (antibody  structure ,  mechanism  and 
nature  of -tho  antigen-antibody  reaction,  etc).  This  accounts  for  the 
groat  interest  shown  in  deviaino  methods  for  isolating  antibodies  in  the 
puro  state. 

A  largo  number  of  nothodo  have  boon  proposed  for  obtaining  puro 
antibodies  to  soluble  and  insoluble  antigens  basod  on  isolation  of  sntibodioa 
from  a  specific  sntigon-antibody  complex.  Various  procedures  have  boon 
used  to  dissociate  tho  specific  complcxi  heating  at  56°  (Landsteiner  and 
Miller,  1925|  Jenkins,  1946),  effect  of  high  concentrations  of  salts  / 

f 

(Felton,  1932,  llcidelbcrger  and  Kendall,  193&I  Hsidelboroer  and  Kabat,  J 
1933j  Duncan,  1937),  effect  of  acids  ond  alkalis  (Loo  and  Vu,1940(  Campbell 
ot  nl  1951}  Sutherland  and  Campboll,  195®  I  Zil’bor  and  Abolov,  1962  j 
Olovnikov,  19<)2i  and  others). 

The  methods  employed  to  dissociate  the  specific  complexes  sometimes 
modify  the  immuno  protoins  which,  as  is  known,  are  highly  sensitivo  to 
heat  ond  concentrated  solutions  of  Balts,  scids  and  alkalis.  Tho  attendant 
changes  are  not  always  revcrsiblo.  Therefore,  it  is  necessary  to  look  for 
other  methods  of  disnocintlng  tho  epocific  complosc. 

The  main  object  of  tho  prosont  work  was  to  Attempt  to  uoo  ultrasound 
to  diooofliftto  tho  antigen-antibody  complex,  formod  AO  a  result  of  spooifio 
odoorption  of  tho  immuno  scrum  by  an  homologous  nicrobo,  with  subsequent 


isolation  of  puro  antibodies. 

Wo  used  Shln«-lla  parnjysentorioo  c  (otandard  otrain  No.  170) , 
Corvnebactorlum  dlphthorine  (xoxigenio  strain  No,  73^,  typo  IV)'snd  A 
tularaemia  diagnostic  antigen  and  also  tho  corresponding  non»»d#orbsd 


I.i  A 
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irr-mno  acra.  In  ono  of  the  experiments  wo  used  polyvalont  dysentery 
(Floxncr)  antiserum  labelled  with  fluoraacoin  ioocyonata. 

Tho  tochniquo  of  tho  main  experiments  was  as  follown,  A  mixture 
of  equal  volume  (2,5  ml)  of  two  different  immune  ocra  vna  propared 
homologous  with  two  apecioa  of  mierobaa  known  .to  havo  a  different  antioonio 
_otructuro.  Such  mixtures  were  prepared  from  dysentery  and  tularaemia, 
or  from  dysentery  and  diphtheria  antisera.  Tho  titro  of  ftOOlutinino  to  the 
two  corresponding  microbial  species  was  determined  in  the  mixture  of  antisera. 

The  antibodies  were  extracted  from  tho  antiserum  mixture  with  one 

of  tho  two  microorganisms  of  each  pair.  For  this  purpose  to  the  mixture 

,  was  added  in  equal  volume  (5  ml),  an  18  hr  culture  of  the  corresponding 

bacteria  (or  tularaemia  diagnostic  antigen)  washed  from  OQar  with  saline 

o 

(0.15  H  NaCli  pH  7.0)  and  containing  25  x  10'  microbial  calls  per  mi 
(against  tho  optical  standard).  The  mixture  of  sere  with  adsorbent  was 
placed  for  2  hr  in  tho  thormostat  at  J?°,  then  for  10  hr  in  a  refrigerator 
A  4°.  Tho  quantitative  proportions  of . antiserum  and  spocific  adsorbent 
(bacterial  cells)  were  such  as  tc  givs  incomplete  -  depletion  of  the 
corresponding  antiserum,  which  in  our  view  should  ensure  maximum  adsorption 
of  antibodies  on  each  miorobial  cell. 

The  materiel  obtained  was  oontriltUgod  for  30  min  at  5000  rpcu  The 

antibody  titreo  to  both  baotorlcl  spoolos  used  in  the  experiment  were 

».  » 

datormlnod  in  the  supernatant.  Tho  sediment  of  bacteria  rssuspended  in 
saline  to  the  former  volume  woe  thrice  wsshed  and  centrifuged  by  the  same 
oohodulo.  The  antibody  titras  to  tho  two  microbial  epecles  were  determined 
-  in  c«oh  portion  of  the  supernatant. 

After :  tho  third  wnnhing  the  sediment  of  haotcria  (agglutinate)  was  agai 
J' ,  resuspended  in  sallno  to  tho  former  volume  and  ox po a o d o  ultraaouad_.  la 
•,  tho  experiments  wo  usod  a  IlFT  generator  with  an  output  of  100  W  end 
;Y‘  IntsnaitynJS  tl/em®  with  a  frequency  of  600  kc/e,  Inaonat^or^was  carried  1 
;  out  on  a  water  bath  for  45  min.  The  insonntqd^ suspension  was  spun  down 
for  an  hour  at  15,000  rpm,  the  sediment  discarded  and  the  antibody  titres 
-  to  both  microorganisms  determined  in  the  supernatant. 

This  axperimontal  arrangement  allowed  u»  ts  solve  two  problems i 


m  jaw 


(l)  eoo  whothor  it  wen  pooriblo  to  dissociate  tho  specific  complex 


by  ultracound  with  subsequent  isolation  of  tho  pure  antibodies  and 

(2)  demonstrate  abooneo  of  untpocific  scrum  protoinn  (heterologous  antibodies) 

introduced  into  tho  initial  mixture. 

This  technique  wan  employed  in  oight  experiments  giving  uni  fora 
rooulto.  Below  aro  given  tho  protocol  dotaiio  for  tho  three  variants 
of  tho  sain  experiments. 

In  one  of  tho  variants  wo  used  a  mixture  of  dysentery  and  diphtheria 

antisera  (Table  l).  After  pooling  (reciprocal  dilution)  those  antisera 

the  agglutinin  titre  in  relation  to  Corynebactorium  dlnhthnrlao  yaa'T'rOOO  > 

and  in  relation  to  tho  Shigella  organisms  10,000.  A  live  Planner  dysentery 

culturo  was  added  to  the  mixed  antisera  as  adsorbent.  .  Alter  adsorption 

tho  antibody  tltres  in  tho  mixture  fell  in  rolation  not  only  to  the  adsorbent 

microbe  (JOOO)  but  also  in  relation  to  the  hotorologeus  Corynebactorium 

lUphthorjno  (£000).  On  first  voehlng  tho  adsorbent  the  supernatant  was 

found  to  oontain  antibodies  both  to  diphtheria  (500)  and  dysentery  bacteria 

(100),  Tho  oupornatante  obtained  et  tho  second  end  third  washings  contained 

no  agglutinins  to  oither  organism. 

Thoso  observations  show  thev  unspecific  aorum  proteins  (inoludlng 

hotorologous' antibodies)  ontorod  tho  specific  agglutinate  as  it  formed  but 

tho  resulting  linkage  was  not  strong  and  adsorbed  unspeeifie  proteins  eon 

* 

be  removod  fairly  easily  by  subsequent  washings. 

After  ultrasonic  treatment  of  tho  resuspended  adsorbent  and  subsequent 
oodtrifugation,  antibodies  (J000)  were  found  in  tho  supernatant  only  in 
relation  to  baetaria  homologous  with  the  adsorbent  (Shiaol  >e  floxn«r|.j 

\ 

while  the  eiuato  did  net  react  with  diphtheria  organisms. 

Similar  results  wore  obtained  in  another  experimental  variant  for 
,,  isolating  pure  antibodies  in  whidh  ve  studied  a  mixture  of  dysentery  and 
tularaemia  antisera  (Table  8).  Adsorption  was  also  by  Flexner  dysentery 
bacteria. 

In  the  third  experimental  variant  a  mixture  of  fluorescent  polyvalent 
dysentery  antiserum  labelled  with  fluorescein  isocyanate  and  non»fluoreseont 
tularaemia  antiserum  was' adsorbed  with  tularaemia  diagnostic  antigen 
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(Tablo  3).  Dy  tho  uoo  of  fluorescent  antiaorua  tho  Xluorcocent  onalyoia 
for  deciding  vhcthor  unopccific  protoinn  woro  cbaont  from  tho  oluato 
van  highly  ooncitivo. 

Tho  roeults  did  not  essentially  differ  from  thoao  of  tho  provioua  . 
experiments.  Tho  oluoto  of  pure  antibodies  obtained  did  not  fluorooco 
in  ultrn-violot.  Treatment  of  tho  dyoontory  bacteria  and  tularaemia 
diagnostic  antigen  fixed  on  glass  with  tho  oluata  did  not  cause  them  to  \ 
Clow  under  tho  fluorescent  mitrooeopo. 

In  onothor  exporimont  in  this  ooriou  a  mixture  of  tho  owae  antisera 
was  adaorbod  with  dysentery  bacillus,  In  this  oaao  tho  aluato  flucresood 
in  ultrd-violot.  On  treatment  of  Floxner  bacillus  and  the  tularaemia 
diagnoetio  antioen  fixed  on  class  with  oluata  a  faint  ( -♦)  spooi/io  colour 
of  tho  hcaologouo  bacteria  and  absenoo  of  colour  for  tho  heterologous  forms 
was  aeon  under  tho  fluorosoent  microscope* 

Tho  specificity  of  tho  pure  isolated  antibodies  and  aloo  agglutination 
of  homologous  baotoria  was  clearly  established  in  t.hs  experiments  with 
staining  of  tho  homologous  baotoria  by  tha  indiroot  fluorescent  antibody 
mbthad.  Fig.  1  indicates  tho  bright  (+«•♦♦)  opoolfis  fluorosoenos  of  Flaxnsr 
dysentery  bacteria  traatod  with  the  homologous  antibodies  of  ths  sluata. 
Spooifio  adsorption  of  tho  latter  on  tho  baotoria  was  established  by  uss 
of  oh.,:?  antiserum  to  rabbit  labelled  with  fluorescein  isocyanate  (indirect 
fluorescent-antibody  method}. 

'  Both  in  this  and  other  similar  experiments  it  was  necessary  to  make 
sure  that  tho  preparations  of  purs  antibodies  wavs  fraa  of  antigens  of  ths 
adsorbent  which  might  have  passed  into  solution  as  s  result  of  partial 
disintegration  of  the  bacteria  by  ultrasound.  In  all  ths  experiment#  ths 
proolpitation  toot  with  olunts  (antigen)  and  serum  homologous  with  ths 
adsorbent  was  negative,  while  in  tho  oontrolo  with  bacterial  antigen 
lnsonatod'ln  tho  tame  conditions  and  homologous  a  arum  a  distinct 
proolpitation  ring  formed. 

Apparently,  during  extraction. o£  antibodies  from  ths  specific  complex 
by  ultrasound  there  is  partial  disintegration  of  the  baotoria,  Hovovor, 

, thoao  antigens  wore  precipitated  by  ths  oxtraated  Antibodies  and  removed 
on  subsequent  centrifugation.  , 
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Ti\o  otartinQ  dysentery  Antioorura  and  tho  oluato  c?  j*jro  ontlbodioo  | 

i 

obtained  from  it  were  studied  by  papor  olcctrophorosia  followed  by  j 

I 

densitoaotry  of  the  phorotogrema.  TJ»o  oluato  was  first  concentrated  throo  [ 

tinea  by  blowing  in  a  collodion  bag  for  5  hr  with  a  tablo  ventilator  j 

- - - - ■  — -  |. 

(Xobor  method) .  j 

Elcctrophorooio  wos  carriod  out  for  12  hr  at  4  V  on  a  paper  atrip  of  j 
length  1  cm  and  current  of  0.4  mA  for  oach  contiraotr*  of  tha  total  width  i 
of  tho  phoretograms.  Veronal  buffer  was  used  at  pit  3.6  with  ionic  strength 
of  0.11.  Tho  rcrulte  of  electrophoresis  are  given  in  Fig.  2. 

Four  yotoin  fractions  were  detected  in  tho  initial  immune  serum 
(U)  with  a  rolativo  content  of  albumin  59.79!,  OC  -globulin  11.4N,  |?-globulir 
21.6/!,  and.  -globulin  27. l5i.  No  traces  of  albumin  wors  found  in  oluato 
(A).  .  .  ' 

Tho  antibodies  waro  represented  by  bC  ‘-globulin  (5054)  but  -globulin# 
(21.55!)  and  Y  -globulins  (2B.5?!)  were  ala o  present.  It  woo  thuo  established 
that  tho  antibodies  isolated  from  tho  cowplox  woro  aooociatod  in  tho 
oluato  not  only  with  Y*0lobulin  hut  with  othor  globulin  fractions.  This 

corroaponda  to  tho  quite  considerablo  volumo  of  information  published  on 

\ ' 

.the  subject.  Konikev  (1940)  for  example,  notos  presence  of  antibodies 
both  in  tho  -  and  intermediate  (botwoon  end  Y  )  fractions  < 
detected  in  immune  sora  and  desionatod  as  ^  globulin  and  tho  T  component. 
According  to  Rojnek,  Rybak  and  Skavrll  tho  0  and  H  antibodies  of  typhoid 
antiserum  aro  found  in  a  mixture  of  and  -globulins. 

The  facts  presented  show  that  tho  technique  toetod  by  is  for  disssoistin 
a  complex  of  particulote  antigen  plus  antibodies  by  means  of  ultrasound 
yieldod  puro  entibodios  eluting  directly  into  sa&no.  Tho  spooisl 
'  experiment o.\  arrangement  enabled  uo  to  eetablieh  abiance  in  tho  oluato  of 
hotcrolegoua  antibodico  introduced  into  the  Initial  mixture  of  toot  and 
heterologous  antisera. 

The  specificity  of  tho  pure  antibodies  obtained  was  confirmed  in 
agglutination  touts  and  also'  by  use  of  direct  and  indirect  fluorescent* 

'  antibody  methods.  Eloctrophorotio  study  of  the  oluato  ahowed  it  to  bo 
free  of  non-ixauna  scrum  protoins.  Comparison  of  the  agglutination  titrss 


of  tho  initial  antiserum  after  ndhorptiort  and  the  oluatoo  indicated  a 
yield  o f  puro  Antibodies  of  15-20  per  cent. 

It  would  bo  doairnbio  no  a  next  stop  to  Apply  Boro  intorvao 
ultraconic  treatment  to  raise  tho  bntibody  yield. 

\  Snpmnry 

1.  Uoing  ultrasound  we  Iiavo  eluted  into  saline  antibodioo,< froo  * 
specific  conploK  of  Antibodies  end  particuloto  antigen. 

2.  .  Tho  Antibody  preparations  obtained  woro  froo  of  unopocifio  ocrum 
protoino  end  hctorologoue  antibodies  and  also  antigens  of  tho  issauno 
Adsorbent. 

3.  Tho  antlbodioa  isolated  rctninod  their  iasiunological  specificity 

refekencss  .  .  . 

Zll'bcr,  L.A.  and  Abclov,  G.X.  "Virusologiya  i  immunologlya  raka". 

(Virology  and  Immunology  of  Cancor),  Moscow!  1962, 

Konikov,  A ,P,  Sovoshchaniyo  po  bclku  (Conforcnco  on  Proteins),  p.  102, 
Moscow,  1940. 

Olovnikov-,,  A. M. .Labor.  delo,  1962  (0)  31- 

Campbell,  D.H. ,  Lioschor,  E, ,  and  Lonnont  L.S.,  Proa.  Mat.  Acad.  £ci. 

(Wash.)  1951  XL  575.  .  '  .  ■  ' 

Duncan, J.T.,  Brit.  J.  Exp.  Poth. ,  1937,  ,18  l0®* 

Felton,  L.D.,  J.  Immunol.  193",  £2,  453* 

Heidolbcrgor,  M.  and  Kendall,  F.E. ,j.  Exp.  Mod.  1956,  64  161. 
Hoidolbcrgor,  M.  and  Kabot,  B.A. ,  Ibid.,  1938  6£  181* 

Jcnkin«%  CoS* ,  Brit*  J*  Exp*  Path*  1946  22,  111# 

Landatciivr  £•  and  Miller  C«?*  J r«»J«  Exp*  H«d#  19^5  853% 

loo,  K.H.  and  Wu  it. ,  free.  Soc.  exp.  Biol.  (N.7.)  1940  4£  65*  .  j 
Raj nek,  J,  Rybak  M.  and  Skvcvril,  F. ,Csl.  Epidom.  1959  £  42*  f 
Sutherland,  C.B.  and  Campbell  D.KvJ.  Immunol.  1958  ®0  294*  . v'  • 


ultraround  iron  tularacaia  diagnostic  antigen  (adsorbent)  using  nixture  of  tularaemia  and  fluorescent 


i 


Fig.  1.  Specific  fluorcuccnco  of  Shi 
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Fig.  3.  Eloctropherotogroa  of  eluate  of  specific  antibodios  (A)  isolated 

.  '  r.  •  .  ■  .  #  / 

from  dyoontory  (Flamer)  antiserum  (a)  by  exposing  homologous  bacterial 


adsorbent  to  ultrasound. 
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i  ,  .  for  "tie  roda  "AKrxcEN-jwriBODjr" 

'  2  '  \  for^CCm-lCX"  road  "CQMJyjSS*  • 

24  for  "imfwno  proto ina"  rood  "imnunoglobation" 

30  .for  "absorption  of  tha  tanuno  oorua  by  honolonoua  oioroby*  rood 
"adaorptlon  of  antiocra  by  Its  'hoaolofioud  organlaa'" 

1  for  Tiitauno  aoru"  rood  "antlaorA" 

.  4#S,S  for  "of  equal  voluuo  (2.5«l)  of  two  difforoot  iraguna  aora  waa 

>  proparod  hjmolocouo  with  two  apaoioa  of  uloroboa  known  to  hnvo  a 
1  dil'faront  antigonlo  ntruoturo."  rood  "wan  prepared  of  oqual  yolUiad# 
(2.5ol)  of  two  apoclfio  antioora  acaifiat  two  apooias  of  orgaoiaai 
known  to  hav?  dlfporont  anttQonlo  otruotuw* 

.7  ‘  for  "titro  of  ogglutinkno"  road  "agglutinin*  Utr*H ! ' 

Q  ■  for  "uioroblol  azalea"  rood  "organlaaa"  ,  \  , 

9  for  "oxtraotcd"  rood  "odoorbod"  ■*,' 

-.V  0  .■  ' 

24  ?•.  for  "ni-  'nal"  rood  "baoterial" 

\  .  i  »  .  ,  ‘  i 

27  ‘  for  "oxpoood  to  ultraaound"  rood  "troatod  ultraaookoally* 

29  ■  for  flnoonatkon"  road  "VltrAaonio  traataant*  ■ 

30'.'  for  "inaonatod"  rood  "troatod"  ,  ■  * 

10  for  "A/jglutinin"  road  "Agglutination* '  ,>■/>' 
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for  "TliO  oluoto  wo#  flrat  oonoontratod  ihraa  titano  by  blowing  In  a 
collodion  bag  for  3  hr  with  a  tbblo  ventilator  (Xobar  MthodJ."  rat 
"Tha  oluate  waa  fir  at  oonoontratod  throo«fold  by  $3bvaporatlon 
for  3  hr  in  a  collodion  bog  uaing  a  tabl#  fan  (Xobar  Mthod)." 
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